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HERA

e HERA collides Protons E, = 820Gel” with
electrons (92-94) or positrons (94-97) of
E. =27.5GeV; /5 = 300 GeV;
scattering of pointlike particles on a sy-
stem with substructure

e use Deep Inelastic Scattering to study the
proton in a new kinematic domain.
Resolve structures of 10~ ¥m at large four
momenta Q?

ArdAQ =~ h

e use 2 different probes, NC and CC reac-
tions, to look at the proton
address QCD and electroweak physics



Kinematics
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Observables:

e fraction of proton momentum of incoming
quark L Bjorken (01)

e four momentum transfer Q2 (0..s)
¢ inelasticity y (0..1)

e constraint Q* = sy



Cross Sections in DIS
NC: etp - e + X

2 _NC( + ey
Lo o®) = 2ef (Y, Fox, Q) FY-xF3(x, Q)

Y: =1+ (1 —y)? kinematic factor
o F,, F3 Structure functions of the proton
include Z°-propagator and ew-couplings

e F> contains the pure v and Z° exchange.
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dter = 2 oy (w0 + (1= 9)*(d +9)

u = u(z, Q?) momentum density of u quarks.
et and e~ beam probe different flavor compositions

study cross sections in z,y, @*
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Experimental Procedure

Kinematics reconstruction

e Jacquet—Blondel method (uses hadrons):

ph = /P2 +pi €.9.pc =2 ;s

yn = (E — p2)/2E., Q% = (pt)?/(1 — yn)
e Resolution Ap}/p} ~ 16%
e 4% uncertainty on the hadronic energy scale

Event Selection etp 94495
e NC identification through scattered positron
e CC id by means of missing p*
e Common selection cut p® > 12.5GeV
e Luminosity analysed £ = 6.57pb™"

e Filters against cosmic and halo u

Efficiencies

e All determined from data

Correction for detector effects

e deconvolution



Candidate from NC sample

H1 Run 122145 bkvent 64506 Date 18/09/1995

[@* = 25030 GeV?, y =0.56, M = 211 GeV
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Run 85987 Event 99058 Class: £ 4 8 20 22

Run date 01/09/94

CC event Q**2 = 20000 GeV**2 y=0.49 x=0.44
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Total Cross Section CC e¢™p

Cuts: p, > 12.5GeV and 0.1 <y < 0.9
oCC = (25.24 2.5 4 0.8) pb (H1 preliminary)

Oyt (PB)
&

SM prediction
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Expect 058 (Mprop = 00) = 45 pb (MRSH)
— Propagator effect established

s((@+2) + (1 —y)*(d+3))

Propagator mass consistent with world average and
AMprop & 10 GeV

-



Standard Model consistency check
Idea:

e CC cross section is dependent on
mw,mz, m:, my, gy and all fermion masses

¢ include all 1-loop radiative corrections

e Replace Fermi—Coupling constant:
G T 1

b= V3m3, (1-mZ, /m%) 1—Ar(m;)
mw enters cross section normalisation

e measure the CC cross section

Check: Is the Standard Model complete or are there
contributions to the interactions missing? (see Hera
Workshop 96, R.Beyer et ai.)
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Final expected precision (£ = 1f6~') on Amw =
50 MeV for m: =175+ 5 GeV
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do/d@Q* for NC and CC Reactions
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e NC and CC cross section have comparable
size for Q%2 ~ m% GeV>.
e different NC/CC cross sections for e*p

e in this data Z° contribution statistically not
significant



do/dy for NC and CC Reactions e™p

—~ 104, :
a g H1 preliminary
= \\ « NC
€ 103} * CC
o) F
© !

102} .

10% BN

e*p data (1994 + 1995)
p, =12.5 GeV
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® NC data at low p, in agreement with expectations
for DIS (MRSH parton densities)

® CC cross section tells anti quarks from quarks
4206C G2 1 L 5
d;dy - :rrs}:c (1+3y3/M‘2”)2 ({u + C) + (1 - y) (d + 3))




V-A Structure of the CC e™p
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® vy is the key to disentangle valence and sea quark
contributions
e A # 0 means scattering on anti quarks contributes



do/dx for NC and CC Reactions e*p
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o QCD evolution works: Parton densities fitted
from low Q° data describe HERA data.

e Valence quark densities at large zp; > 0.3
do€C Jdz — d; do™NC /dx = Yfou + Yod

e CC cross sections are sensitive to @/d ratio
(Tevatron W-production)



Summary

e HERA Physics at large virtualities starts to
explore an untested kinematic domain

e Electroweak physics (space like)

> W-—-Mass consistent with other measure-
ments

> NC and CC cross section have similar

strength at Q% = m%

~ CC Helicity structure distinguishes quarks
from anti quarks

> QCD-evolution in Q? works;
flavor deconvolution feasible

e Overall good description of NC, CC data by
DIS Standard Model and QCD for p1 > 12.5GeV

and 0.1 <y <09

e Qutiook;
Eagerly await much more L,
e”p and Polarization.
Precision data on electroweak and QCD pa-
rameters to come.
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